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damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 
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3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The oxide-film formation process which forms silicon oxide in the surface field of a 
silicon substrate, The nitride formation process which forms a silicon nitride in the surface field 
of said silicon oxide, It has the process which forms the dielectric constant film with a dielectric 
constant higher than silicon oxide on said silicon nitride. Said oxide-film formation process To 
the plasma which irradiated microwave and generated it from the flat antenna which equips the 
gas containing oxygen with two or more slits The front face of said silicon substrate is exposed 
and it has the process which forms silicon oxide in the surface field of said silicon substrate. 
Said nitride formation process The formation approach of the insulator layer characterized by 
what the front face of said silicon oxide is exposed to the plasma which irradiated microwave and 
generated it from the flat antenna which equips the gas containing nitrogen with two or more 
slits, and it is equipped with the process which forms a silicon nitride in the surface field of said 
silicon oxide for. 

[Claim 2] Said oxide-film formation process is the formation approach of the insulator layer 
according to claim 1 characterized by what the process which reforms the oxide film which 
already exists on said silicon substrate is included for by exposing the front face of said silicon 
substrate to the plasma which irradiated microwave and generated it from the flat antenna which 
equips the gas containing oxygen with two or more slits. 

[Claim 3] Said oxide-film formation process is the formation approach of the insulator layer 
according to claim 1 or 2 characterized by what it has the process which oxidizes the surface 
field of said silicon substrate for by exposing the front face where said silicon substrate was 
exposed to the plasma which irradiated microwave and generated it from the flat antenna which 
equips with two or more slits the process which exposes the front face of said silicon substrate, 
and the gas containing oxygen. 

[Claim 4] Said nitride formation process is the formation approach of an insulator layer given in 
claim 1 characterized by what it has the process which nitrides the surface field of said silicon 
oxide for thru/or any 1 term of 3 by exposing the front face of said silicon oxide to the plasma 
which irradiated microwave and generated it from the flat antenna which equips the gas 
containing nitrogen with two or more slits. 

[Claim 5] Said dielectric constant film is the formation approach of an insulator layer given in 
claim 1 characterized by what a metal is constituted as a principal component and it has further 
for the dielectric constant film refining process which reforms said dielectric constant film by 
exposing the front face of said dielectric constant film to the plasma which irradiated microwave 
and generated it from the flat antenna which equips the gas containing oxygen with two or more 
slits thru/or any 1 term of 4 . 

[Claim 6] The formation approach of the insulator layer according to claim 5 characterized by 
what the plasma of the gas containing said oxygen removes the carbon in said dielectric 
constant film for at said dielectric constant film refining process. 

[Claim 7] The formation approach of an insulator layer given in claim 1 characterized by what 
said silicon oxide is formed by the thickness of 1nm - 20nm, and said silicon nitride is formed for 
by the thickness of 0.5nm - 6nm in said nitride formation process in said oxide-film formation 
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process thru/or any 1 term of 6. 

[Claim 8] Said gas is the formation approach of an insulator layer given in claim 1 characterized 
by what is constituted including an argon thru/or any 1 term of 7. 

[Claim 9] Said insulator layer is the formation approach of an insulator layer given in claim 1 
characterized by what the gate dielectric film of an insulated gate field effect transistor is 
constituted for thru/or any 1 term of 8. 

[Claim 10] The oxideHlIm formation unit which forms silicon oxide in the surface field of a silicon 
substrate, The nitride formation unit which forms a silicon nitride in the surface field of said 
silicon oxide, It has the dielectric film formation unit which forms the dielectric constant film with 
specific inductive capacity higher than silicon oxide on said silicon nitride. Said oxide-film 
formation unit To the plasma which irradiated microwave and generated it from the flat antenna 
which equips the gas containing oxygen with two or more slits The front face of said silicon 
substrate is exposed and silicon oxide is formed in the surface field of said silicon substrate. 
Said nitride formation unit The formation system of the insulator layer characterized by what the 
front face of said silicon oxide is exposed to the plasma which irradiated microwave and 
generated it from the flat antenna which equips the gas containing nitrogen with two or more 
slits, and a silicon nitride is formed in the surface field of said silicon oxide for. 
[Claim 1 1] Said oxide-film formation unit is the formation system of the insulator layer according 
to claim 10 characterized by what the oxide film which already exists on said silicon substrate is 
reformed for by exposing the front face of said silicon substrate to the plasma which irradiated 
microwave and generated it from the flat antenna which equips the gas containing oxygen with 
two or more slits. 

[Claim 1 2] Said oxide-film formation unit is the formation system of the insulator layer according 
to claim 10 or 1 1 characterized by what is oxidized in the surface field of said silicon substrate 
by exposing the front face where the front face of said silicon substrate was exposed, and said 
silicon substrate was exposed to the plasma which irradiated microwave and generated it from 
the flat antenna which equips the gas containing oxygen with two or more slits. 
[Claim 13] Said nitride formation unit is the formation system of an insulator layer given in claim 
10 characterized by what the surface field of said silicon oxide is nitrided for thru/or any 1 term 
of 1 2 by exposing the front face of said silicon oxide to the plasma which irradiated microwave 
and generated it from the flat antenna which equips the gas containing nitrogen with two or more 
slits. 

[Claim 14] Said dielectric constant film is the formation system of an insulator layer given in 
claim 10 characterized by what a metal is constituted as a principal component and it has further 
for the dielectric constant film refining unit which reforms said dielectric constant film by 
exposing the front face of said dielectric constant film to the plasma which irradiated microwave 
and generated it from the flat antenna which equips the gas containing oxygen with two or more 
slits thru/or any 1 term of 1 3 . 

[Claim 15] The formation system of the insulator layer according to claim 14 characterized by 
what the plasma of the gas containing said oxygen removes the carbon in said dielectric 
constant film for in said dielectric constant film refining unit. 

[Claim 16] It is the formation system of an insulator layer given in claim 10 which said silicon 
oxide is formed by the thickness of Inm - 20nm with said oxide-^film formation unit, is said 
nitride formation unit, and is characterized by what said silicon nitride is formed for by the 
thickness of 0.5nm - 6nm thru/or any 1 term of 15. 

[Claim 1 7] Said gas is the formation system of an insulator layer given in claim 1 0 characterized 
by what is constituted including an argon thru/or any 1 term of 16. 

[Claim 18] Said insulator layer is the formation system of an insulator layer given in claim 10 
characterized by what the gate dielectric film of an insulated gate field effect transistor is 
constituted for thru/or any 1 term of 1 7. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the formation approach of a reliable insulator 

layer, and a formation system. 

[0002] 

[Description of the Prior Art] Detailed-ization of the insulated gate field effect transistor (Metal 
Insulator Semiconductor FieldEffect Transistor:MISFET) included in a semiconductor integrated 
circuit is progressing with high integration of a semiconductor integrated circuit, and a raise in 
detailed. As for the thickness of the gate dielectric film of current and MISFET, the very thin 
thickness of about several nm is demanded with detailed-izing. 

[0003] Generally, the silicon oxide (Si02 film) in which gate dielectric film is formed of thermal 
oxidation of a silicon substrate is used, however — if silicon oxide is made thin to about several 
nm — the impurity from the increment in a leak (tunnel) current, and gate electrodes (polish 
recon etc.) — running — etc. — it becomes a problem. 

[0004] In order to control the increment in tunnel current etc., the laminating gate dielectric film 
which carried out the laminating of the film with specific inductive capacity higher than silicon 
oxide (high dielectric constant film) on the silicon oxide (or a silicon nitride, a silicon acid nitride) 
of a thin film is developed. Effective oxide-film conversion thickness (EOT) is low maintainable, 
securing a certain amount of physical thickness of gate dielectric film by using laminating gate 
dielectric film. Here, effective oxide-film conversion thickness is the value which converted 
specific inductive capacity epsilon and the thickness of the film of the real thickness t into the 
thickness of the silicon oxide of specific-inductive-capacity epsilonSi02, and is defined by EOT= 
(epsilonSi02/epsilon) -t. 

[0005] The formation approach of laminating gate dielectric film using the silicon nitride (SiN film) 
as high dielectric constant film is indicated by JP,2000-294550,A. the direct acid nitride (or an 
oxide film or a nitride) formed by the thickness of 1nm or less using the plasma treatment 
equipment with which the insulated gate formed in the above-mentioned official report by the 
approach of disclosure is equipped with a radial line slot antenna (RLSA), and the about 2nm SiN 
film formed of CVD on this acid nitride — since — it is constituted. 

[0006] When RLSA mold plasma treatment equipment is used, compared with the case where it 
forms by CVD, the film with, more high quality with few dangling bonds is formed. Moreover, 
since film formation processing using RLSA mold plasma treatment equipment is comparatively 
performed at low temperature (250 degrees C - 450 degrees C), compared with other plasma 
treatment, the damage on the front face of the film is reduced. Thus, the film formed by RLSA 
mold plasma treatment equipment is quality, therefore the about 1000-degree C annealing 
treatment in an elevated temperature is not required, and diffusion of a dopant etc. is prevented. 

[0007] Here, the SiN film is used for the above-mentioned laminating gate dielectric film as high 
dielectric constant film. The specific inductive capacity of the SiN film is about eight, therefore 
EOT of the SiN film does not become about 0.5 (= 4/8) twice real thickness. For this reason, in 
order to obtain EOT thin enough, securing physical thickness thick enough in order to meet the 
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demand of detailed-izing, when the SiN film is used, there is a limitation. 

[0008] For this reason, laminating gate dielectric film with more thin EOT can be obtained using 
the insulator layer of an inorganic system with more high specific inductive capacity, for example, 
an aluminum oxide, (specific inductive capacity: 11), a zirconium dioxide (24), an oxidation 
hafnium (25), etc. For example, when specific inductive capacity uses the zirconium dioxide of 24, 
about 0.17 (= 4/24) twice as many EOT as real thickness will be obtained. 
[0009] 

[Problem(s) to be Solved by the Invention] As mentioned above, gate dielectric film equipped 
with a desired dielectric constant is obtained by using the high dielectric constant film of an 
inorganic system. However, if the high dielectric constant film of an inorganic system is directly 
formed on silicon oxide, silicon oxide and the inorganic system film will react. Thereby, EOT of 
the whole laminating gate dielectric film will increase. 

[0010] Moreover, generally the high dielectric constant film of the above-mentioned inorganic 
system is formed by CVD by using an organic metal like for example, metal ethoxide as a 
precursor. For this reason, the high dielectric constant film after membrane formation contains 
several% of carbon. If a carbon content is high, dependability — leakage current increases — will 
be reduced. 

[001 1] Thus, it was difficult to manufacture the reliable gate dielectric film which can realize 

EOT thin both enough with if it to have physical thickness thick former enough. 

[0012] This invention aims at offering the formation approach of the insulator layer which can 

manufacture a reliable insulator layer, and a formation system in view of the above-mentioned 

situation. 

[0013] 

[Means for Solving the Problem] In order to attain the above-mentioned object, the formation 
approach of the insulator layer concerning the 1 st viewpoint of this invention The oxide-film 
formation process which forms silicon oxide in the surface field of a silicon substrate, The nitride 
formation process which forms a silicon nitride in the surface field of said silicon oxide, It has the 
process which forms the dielectric constant film with a dielectric constant higher than silicon 
oxide on said silicon nitride. Said oxide-film formation process To the plasma which irradiated 
microwave and generated it from the flat antenna which equips the gas containing oxygen with 
two or more slits The front face of said silicon substrate is exposed and it has the process 
which forms silicon oxide in the surface field of said silicon substrate. Said nitride formation 
process The front face of said silicon oxide is exposed to the plasma which irradiated microwave 
and generated it from the flat antenna which equips the gas containing nitrogen with two or more 
slits, and it is characterized by what it has for the process which forms a silicon nitride in the 
surface field of said silicon oxide. 

[0014] It is desirable to include the process which reforms the oxide film which already exists on 
said silicon substrate by exposing the front face of said silicon substrate in the plasma which 
said oxide-film formation process irradiated the flat antenna which equips the gas containing 
oxygen with two or more slits to microwave in the above-mentioned configuration, and was 
generated. 

[0015] It is desirable to have the process which oxidizes the surface field of said silicon 
substrate by exposing the front face where said silicon substrate was exposed to the plasma 
which said oxide-film formation process irradiated the flat antenna which equips with two or 
more slits the process which exposes the front face of said silicon substrate, and the gas 
containing oxygen to microwave in the above-mentioned configuration, and was generated. 
[0016] As for said nitride formation process, in the above-mentioned configuration, it is desirable 
to equip the plasma which irradiated microwave and generated it from the flat antenna which 
equips the gas containing nitrogen with two or more slits with the process which nitrides the 
surface field of said silicon oxide by exposing the front face of said silicon oxide. 
[0017] In the above-mentioned configuration, said dielectric constant film is constituted 
considering a metal as a principal component, and may equip further the plasma which irradiated 
microwave and generated it from the flat antenna which equips the gas containing oxygen with 
two or more slits with the dielectric constant film refining process which reforms the front face 
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of said high dielectric constant film by exposing the front face of said dielectric constant film. 
Moreover, in the above-mentioned configuration, the plasma of the gas containing said oxygen 
removes the carbon in said dielectric constant film at said dielectric constant film refining 
process, for example. 

[0018] In the above-mentioned configuration, with said oxide-film formation process, said silicon 
oxide is formed by the thickness of 1nm - 20nm f and said silicon nitride is formed by the 
thickness of 0.5nm - 6nm with said nitride formation process. 

[0019] As for said gas, in the above-mentioned configuration, being constituted including an 
argon is desirable. 

[0020] In the above-mentioned configuration, said insulator layer constitutes the gate dielectric 
film of an insulated gate field effect transistor. 

[0021] In order to attain the above-mentioned object, the formation system of the insulator layer 
concerning the 2nd viewpoint of this invention The oxide-film formation unit which forms silicon 
oxide in the surface field of a silicon substrate. The nitride formation unit which forms a silicon 
nitride in the surface field of said silicon oxide, It has the dielectric film formation unit which 
forms the dielectric constant film with specific inductive capacity higher than silicon oxide on 
said silicon nitride. Said oxide-film formation unit To the plasma which irradiated microwave and 
generated it from the flat antenna which equips the gas containing oxygen with two or more slits 
The front face of said silicon substrate is exposed and silicon oxide is formed in the surface field 
of said silicon substrate. Said nitride formation unit The front face of said silicon oxide is 
exposed to the plasma which irradiated microwave and generated it from the flat antenna which 
equips the gas containing nitrogen with two or more slits, and it is characterized by what a 
silicon nitride is formed in the surface field of said silicon oxide for. 

[0022] As for said oxide-film formation unit, in the above-mentioned configuration, it is desirable 
to reform the oxide film which already exists in the plasma which irradiated microwave and 
generated it from the flat antenna which equips the gas containing oxygen with two or more slits 
on said silicon substrate by exposing the front face of said silicon substrate. 
[0023] It is desirable to oxidize the surface field of said silicon substrate by exposing the front 
face where said silicon substrate was exposed to the plasma which said oxide-film ****** unit 
irradiated the flat antenna which equips with two or more slits the gas which exposes the front 
face of said silicon substrate and contains oxygen to microwave in the above-mentioned 
configuration, and was generated. 

[0024] As for said nitride formation unit, in the above-mentioned configuration, it is desirable to 
nitride the surface field of said silicon oxide by exposing the front face of said silicon oxide to 
the plasma which irradiated microwave and generated it from the flat antenna which equips the 
gas containing nitrogen with two or more slits. 

[0025] In the above-mentioned configuration, said dielectric constant film is constituted 
considering a metal as a principal component, and may equip further the plasma which irradiated 
microwave and generated it from the flat antenna which equips the gas containing oxygen with 
two or more slits with the dielectric constant film refining unit which reforms the front face of 
said dielectric constant film by exposing the front face of said dielectric constant film. Moreover, 
in the above-mentioned configuration, the plasma of the gas containing said oxygen removes the 
carbon in said dielectric constant film in said dielectric constant film refining unit, for example. 
[0026] In the above-mentioned configuration, said silicon oxide is formed by the thickness of 
1nm - 20nm with said oxide-film formation unit, it is said nitride formation unit and said silicon 
nitride is formed by the thickness of 0.5nm - 6nm. 

[0027] As for said gas, in the above-mentioned configuration, being constituted including an 
argon is desirable. 

[0028] In the above-mentioned configuration, said insulator layer constitutes the gate dielectric 

film of an insulated gate field effect transistor. 

[0029] 

[Embodiment of the Invention] Hereafter, the formation approach of the insulator layer 

concerning the gestalt of this operation is explained with reference to a drawing. 

[0030] The insulator layer formed of the gestalt of this operation constitutes the insulated gate 
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field effect transistor (Metal Insulator Semiconductor Field Effect Transistor:MISFET) shown in 
drawin g 1 . 

[0031] MISFET100 is equipped with the gate dielectric film 104 formed on the surface field 
(channel field) of the silicon substrate 101 pinched by the drain field 102 and the source field 
103, and the drain field 102 and the source field 103 of the P type formed in the surface field of 
the silicon substrate 101 of N type, and the gate electrode 105 prepared on gate dielectric film 
104 as shown in drawin g 1 . The drain field 102 and the source field 103 are connected to the 
drain electrode and source electrode which constitute MISFET1 00, respectively. In addition, you 
may be a silicon substrate 101, the drain field 102 and the source field 103, and each ** and the 
conductivity type of reverse. 

[0032] On the silicon substrate 101 pinched by the drain field 102 and the source field 103, the 
gate electrode 105 is formed through gate dielectric film 104. The gate electrode 105 consists of 
polish recons (p-Si). The gate electrode 105 constitutes MISFET100, in the case of impression 
of gate voltage, a channel (ch) is formed in silicon substrate 101 front face under gate dielectric 
film 104, and between a source-drain is connected. 

[0033] gate dielectric film 104 — silicon oxide (Si02 film) 106, the silicon nitride (SiN film) 107, 
and the high dielectric constant film 108 — since — it is constituted. 

[0034] Silicon oxide 106 is formed on the surface field (channel ch) of a silicon substrate 101. 
Silicon oxide 106 is formed of oxidation treatment of the surface field of a silicon substrate 101 
using plasma treatment equipment equipped with the radial line slot antenna (RLSA) mentioned 
later. Silicon oxide 106 is formed by the thickness of 0.5nm - 14nm. 

[0035] The laminating of the silicon nitride 107 is carried out to silicon oxide 106, and it is 
prepared in it. The silicon nitride 107 is formed of the nitriding treatment of silicon oxide 106 
which used RLSA mold plasma treatment equipment. The silicon nitride 107 is formed by the 
thickness of 0.5nm - 6nm. 

[0036] The high dielectric constant film 108 is inserted into the silicon nitride 107 and the gate 
electrode 105, and is prepared. The high dielectric constant film 108 consists of inorganic (metal) 
system ingredients of aluminum 203, HfSi02 and Ta 205. ZrSi02 and Hf02, and Zr02 grade. The 
high dielectric constant film 108 is formed by the thickness of 1nm - 20nm of CVD (Chemical 
Vapor Deposition). Here, the high dielectric constant film means the film which has a dielectric 
constant higher than the dielectric constant-ed of silicon oxide (about 4). 

[0037] Next, the formation approach of the above-mentioned gate dielectric film 104 is explained 
with reference to a drawing. The configuration of the formation system 1 0 of the gate dielectric 
film applied to the gestalt of this operation at drawing 2 is shown, it is shown in drawing 2 — as 
— the formation system 10 of gate dielectric film — the cassette station 1 1 and the processing 
station 12 — since — it is constituted. 

[0038] The cassette station 1 1 is equipped with the cassette installation base 1 3 and the 1 st 
conveyance room 1 4. The cassette C which can hold the wafer of predetermined number of 
sheets is laid in the cassette installation base 13. While the cassette C which held the unsettled 
wafer in the cassette installation base 13 is laid, the cassette C which held the wafer after 
processing is taken out from the installation base 1 3. 

[0039] The 1st conveyance device 15 in which it has an arm is arranged at the 1st conveyance 
room 14. While the 1st conveyance device 15 carries in to the processing station 12 side the 
wafer held in Cassette C, it takes out the wafer after processing from the processing station 12 
side, and holds it in Cassette C. The interior of the 1st conveyance room 14 is maintained at 
clarification by the downflow of clarification air. 

[0040] the processing station 12 — the 2nd conveyance room 16, the load lock units 17a and 
17b, the etching unit 18, the oxidation-treatment unit 19, the nitriding treatment unit 20, the 
CVD unit 21, the annealing unit 22, and the reserve unit 23 — since — it is constituted. 
[0041] Each unit is connected to the perimeter of the 2nd conveyance room 16 of an 
abbreviation octagon through the gate valve 24. That is, the processing station 1 2 constitutes 
the system of a cluster type. The 2nd conveyance room 16 can be equipped with an exhauster 
style etc., and can decompress it. Moreover, each can be equipped with an exhauster style and 
each units 1 7-23 isolated with the gate valve 24 can form in the interior the ambient atmosphere 
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which became independent in the 2nd conveyance room 16. 

[0042] The 2nd conveyance device 25 is installed in the center of the 2nd conveyance room 16. 
The 2nd conveyance device 25 is equipped with an arm, and conveys the wafer between each 
unit 1 7-23. 

[0043] The load lock units 17a and 17b are connected to the 1st conveyance room 14 of the 
cassette station 1 1 . Load lock unit 1 7a functions as a port for wafer carrying in to the 
processing station 1 2, and load lock unit 1 7b functions as a port for wafer taking out. The 1 st 
conveyance device 1 5 carries in the wafer held in the cassette C of the cassette installation 
base 1 3 in load lock unit 1 7a. Moreover, from load lock unit 1 7b, the 1 st conveyance device 1 5 
takes out the wafer after processing, and holds it in Cassette C. 

[0044] In the etching unit 18, the natural oxidation film (silicon oxide) formed in the wafer 
(following, Wafer W) front face is removed. The cross-section configuration of the etching unit 18 
is shown in drawin g 3 . 

[0045] As shown in drawin g 3 , the etching unit 1 8 is equipped with a chamber 26 and the plasma 
formation tubing 27. 

[0046] A chamber 26 consists of aluminum etc. and is formed in the shape of a cylindrical shape. 
The installation base 28 in which Wafer W is laid is established in the interior of a chamber 26. 
The installation base 28 was attached in the base of a chamber 26, for example, is supported 
with the stanchion 29 made from a quartz. 

[0047] Under the chamber 26, the heat lamps 30 for heating the inside of the installation base 28 
and a chamber 26 to predetermined temperature, such as a halogen lamp, are arranged. Between 
the chamber 26 and the heat lamp 30, the transparency aperture 31 which consists of a quartz 
etc. is arranged. The exposure opening 32 is formed in the pars basilaris ossis occipitalis of a 
chamber 26, and the edge of the transparency aperture 31 is airtightly pasted up on the 
perimeter of the exposure opening 32. Thereby, the heat ray emitted from the heat lamp 30 
passes along the transparency aperture 31 and the exposure opening 32, and is irradiated in a 
chamber 26 (rear face of the installation base 28). 

[0048] The exhaust port 33 is established in the perimeter of a stanchion 29 of the pars basilaris 
ossis occipitalis of a chamber 26. The exhaust port 33 is connected to the exhaust air line 
equipped with a vacuum pump etc. The inside of a chamber 26 is set as a predetermined 
pressure by the exhaust air line. 

[0049] The carrying-in outlet 34 is established in the height almost same on the side attachment 
wall of a chamber 26 as the installation base 28. The carrying-in outlet 34 is connected with the 
2nd conveyance room 1 6 through a gate valve 24. At the time of disconnection of a gate valve 
24, carrying-in appearance of Wafer W is performed through the carrying-in outlet 34. 
[0050] The plasma formation tubing 27 consists of quartzes etc., and is constituted in the shape 
of tubing. The plasma formation tubing 27 penetrates the ceiling part of a chamber 26, and is 
attached. A gas inlet 35 is established in the upper bed of the plasma formation tubing 27, and 
the gas inlet 35 is connected to the source 38 of nitrogen gas, and the source 39 of hydrogen 
gas through massflow controllers 36 and 37. Thereby, the mixed gas which consists of nitrogen 
(N2) and hydrogen (H2) is introduced in the plasma formation tubing 27 from a gas inlet 35. Here, 
mixed gas is supplied for example, by nitrogen / hydrogen =100sccm/10sccm. 
[0051] The plasma formation section 40 is formed in the upper part of the plasma formation 
tubing 27. The plasma formation section 40 is equipped with the microwave source of release 41, 
rectangular waveguide 42, and the EBENSON mold waveguide 43. 

[0052] The microwave source of release 41 generates microwave with a wavelength of 2.45GHz. 
The microwave from the microwave source of release 41 is supplied in the plasma formation 
tubing 27 through rectangular waveguide 42 and the EBENSON mold waveguide 43. The mixed 
gas of the nitrogen supplied from the gas inlet 35 and hydrogen is introduced into the interior of 
the plasma formation tubing 27, and the supplied microwave activates mixed gas. Thereby, it 
goes caudad from the upper part of the plasma formation tubing 27, and the downflow of the gas 
plasma is formed. 

[0053] The tap hole 44 is established in the soffit of the plasma formation tubing 27. It is open 
for free passage to this, and the bonnet member 45 which consists of a quartz which spread the 
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shape of an umbrella and in the shape of a cone downward is formed in the tap hole 44. By the 
bonnet member 45, the gas which flows out of a tap hole 44 is diffused, and it is supplied in a 
chamber 26. 

[0054] Directly under the tap hole 44, the shower head 47 of the shape of a ring equipped with 
many gas eyes 46 is arranged. The shower head 47 is connected to the source 50 of 3 nitrogen- 
fluoride (NF3) gas through the communicating tube 48 which penetrates the wall of a chamber 
26, and the massflow controller 49 with which the communicating tube 48 was equipped. 
[0055] NF3 gas is supplied from the shower head 47, and NF3 gas is supplied into the downflow 
of the mixed-gas plasma which consists of hydrogen and nitrogen. Here, NF3 is supplied for 
example, by 30sccm. In the plasma, hydrogen and nitrogen are in activated states, such as a 
radical, and the collision with these radicals etc. is activated, and NF3 molecule is dissociated, 
and generates a fluorine radical etc. The gas supplied on Wafer W is in the plasma state 
containing a nitrogen radical, a hydrogen radical, a fluorine radical, etc. 

[0056] If the plasma formed as mentioned above contacts the front face of Wafer W, the film 
(not solved by the detail) containing Si, N and H, and F and O will be formed in the front face of 
Wafer W. If Wafer W is heated at 100 degrees C or more, this film will be sublimated easily and 
will be removed from the front face of Wafer W. As mentioned above, the natural oxidation film 
(Si02 film) of a wafer W front face is removed by the downflow of the plasma. 
[0057] Moreover, although many dangling bonds of silicon exist in the front face of a silicon 
substrate on which the natural oxidation film (Si02 film) was removed, these combine with the 
hydrogen in the plasma (radical). This stabilizes a substrate front face. 
[0058] The oxidation^treatment unit 1 9 is plasma treatment equipment of a radial line slot 
antenna (Radial Line Slot Antenna:RLSA) mold. The oxidation-treatment unit 1 9 generates the 
plasma of raw gas using microwave energy, by this plasma, oxidizes the front face of a silicon 
substrate 101, and forms silicon oxide 106. 

[0059] The cross-section configuration of the oxidation-treatment unit 1 9 is shown in drawin g 
4 . As shown in drawing 4 , the oxidation-treatment unit 19 is equipped with the chamber 51 of a 
cylindrical shape. The chamber 51 consists of aluminum etc. 

[0060] In the center of the chamber 51 interior, the installation base 52 of the semi-conductor 
wafer (the following, Wafer W) which is a processed object is arranged. The temperature control 
part which is not illustrated is built in the installation base 52, and Wafer W is heated by 
predetermined temperature, for example, room temperature -600 degree C, by the temperature 
control part. 

[0061] The carrying-in outlet 53 is established in the height almost same on the side attachment 
wall of a chamber 51 as the top face of the installation base 52. The carrying-in outlet 53 is 
connected with the 2nd conveyance room 1 6 through a gate valve 24. At the time of 
disconnection of a gate valve 24, carrying-in appearance of Wafer W is performed through the 
carrying-in outlet 53. 

[0062] The end of an exhaust pipe 54 is connected to the pars basilaris ossis occipitalis of a 
chamber 51, and the other end is connected to the exhausters 55, such as a vacuum pump. The 
inside of a chamber 51 is set by exhauster 55 grade to a predetermined pressure, for example, 
the pressure of 4.0Pa-0.1 3kPa (30mTorr - 1Torr). 

[0063] The gas supply line 56 is formed in the flank upper part of a chamber 51. The gas supply 
line 56 is connected to the source 57 of oxygen (02) gas, the source 58 of hydrogen (H2) gas, 
and the source 59 of argon (Ar) gas. The gas supply line 56 is uniformly arranged along the hoop 
direction of the side attachment wall of a chamber 51 at 16 places. Thus, by being arranged, the 
gas supplied from a gas supply line 56 is uniformly supplied above the wafer W on the installation 
base 52. 

[0064] Opening 60 is formed in the upper part of a chamber 51. The aperture 61 is formed inside 
opening 60. an aperture 61 — the film of the organic substance, such as inorganic substances, 
such as glass of a penetrable ingredient, for example, a quartz, and Si02 system, Si3N4, NaCI, 
KCI, LiF, CaF2, BaF2 and aluminum 203, and AIN, MgO, and polyethylene, polyester, a 
polycarbonate, cellulose acetate, polypropylene, a polyvinyl chloride, a polyvinylidene chloride, 
polystyrene, a polyamide, and polyimide, and a sheet — since — it is constituted. 
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[0065] On the aperture 61, the radial line slot antenna (following, RLSA) 62 is formed. On 
RLSA62, the waveguide 64 connected to the RF power supply section 63 is formed, the coaxial 
waveguide converter 67 by which waveguide 64 was connected to the top face of the flat 
circular waveguide 65 by which the soffit was connected to RLSA62, the cylindrical waveguide 
66 by which the end was connected to the top face of a circular waveguide 65, and the 
cylindrical waveguide 66, and the rectangular waveguide 68 by which the end was connected to 
the right angle on the side face of the coaxial waveguide converter 67, and the other end was 
connected to the RF power supply section 63 — since — it is constituted. RLSA62 and 
waveguide 64 consist of copper plates. 

[0066] The coaxial waveguide 69 is arranged inside the cylindrical waveguide 66. from the shank 
material which the coaxial waveguide 69 becomes from a conductive ingredient — becoming — 
the end — the top face of RLSA62 — it connects in the center mostly and the other end is 
connected to the top face of the cylindrical waveguide 66 in the shape of the same axle. 
[0067] The top view of RLSA62 is shown in drawin g 5 . As shown in drawin g 5 , RLSA62 equips a 
front face with two or more slots 62a and 62a established on the concentric circle, and — . Each 
slot 62a is the slot which the abbreviation rectangle penetrated, and adjoining slot 62a is 
arranged so that it may intersect perpendicularly mutually and the alphabetic character of 
Abbreviation T may be formed. The die length and array spacing of slot 62a are determined 
according to the wavelength of the RF generated from the RF power supply section 63. 
[0068] The RF power supply section 63 generates 2.45GHz microwave by 500W~5kW power. The 
microwave generated from the RF power supply section 63 is transmitted in rectangle mode in 
the inside of rectangular waveguide 68. Furthermore, microwave is changed into the circular 
mode from rectangle mode by the coaxial waveguide converter 67, and is transmitted to the 
cylindrical waveguide 66 in the circular mode. Microwave is further transmitted in the condition 
that it was able to extend with the circular waveguide 65, and is emitted from slot 62a of 
RLSA62. The emitted microwave penetrates an aperture 61 and is introduced into a chamber 51. 

[0069] The inside of a chamber 51 is made into predetermined vaccum pressure, and from a gas 
supply line 56, the mixed gas of Ar, 02, and H2 is Ar/02/H2=1 0:1:1, and it is supplied in a 
chamber 51. By the microwave which penetrated the aperture 61, radio-frequency energy is 
transmitted to the mixed gas in a chamber 51, and the RF plasma occurs. Under the present 
circumstances, since microwave is emitted from much slot 62a of RLSA62, the plasma of high 
density is generated. Here, the active species in the plasma formed using RLSA62 has the 
electron temperature of about 0.7-2eV. Thus, according to RLSA62, the comparatively quiet 
plasma active species of activity is generated. 

[0070] Oxidation of a wafer W front face is performed by exposure to the generated high density 
plasma. That is, Ar radical in the generated plasma acts on the front face of the silicon substrate 
of a wafer W front face, and gives energy, and cutting etc. carries out association of Si. 
Furthermore, an oxygen (O) radical forms Si and Si-O association. Thus, the front face of a 
silicon substrate oxidizes and 1nm - 20nm silicon oxide is formed in a front face. 
[0071] Under the present circumstances, H radical generated from H2 stabilizes the silicon oxide 
which combines with the dangling bond of Si and is formed, and raises membraneous quality. 
[0072] The nitriding treatment unit 20 is the same plasma treatment equipment of a RLSA mold 
as the oxidation-treatment unit 1 9. In the nitriding treatment unit 20, a part of front face of the 
silicon oxide 106 formed in the oxidation-treatment unit 19 is nitrided, and the silicon nitride 107 
is formed. 

[0073] The nitriding treatment unit 20 has the almost same configuration as the oxidation- 
treatment unit 19 shown in d rawin g 3 . A different point from the oxidation-treatment unit 19 is a 
point of using nitrogen (N2) gas, instead of oxygen (02) gas. In nitriding treatment, the mixed gas 
of Ar, N2, and H2 is used by the ratio of Ar/N2/H2=1 0:1:1. In addition, NH3, N20, NO, and N02 
grade may be used for the gas used instead of oxygen that what is necessary is just gas 
containing nitrogen. 

[0074] Si-O association is cut by operation of Ar radical by which the silicon oxide (Si02 film) 
formed in the front face of Wafer W was activated in the plasma treatment in the nitriding 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_eije 



2005/06/28 



JP.2003-068731.A [DETAILED DESCRIPTION] 



8/1 1 s<—V 



treatment unit 20. Furthermore, when the nitrogen (N) radical generated from nitrogen system 
gas combines with this dissociated Si, Si-N association generates. Thus, a part of surface silicon 
oxide is nitrided, and the 0.5nm - 6nm silicon nitride (SiN) film 107 is formed. 
[0075] Nitriding treatment is performed and the CVD unit 21 forms the tantalum oxide (Ta 205) 
film on the front face of the wafer W with which the SiN film 107 was formed the high dielectric 
constant film 108 and here. The cross-section configuration of the CVD unit 21 is shown in 
drawin g 6 . 

[0076] As shown in drawin g 6 , the CVD unit 21 is equipped with the approximately cylindrical 
chamber 70. The chamber 70 consists of aluminum. The susceptor 71 for holding Wafer W is 
formed in the center of the interior of a chamber 70. 

[0077] The shower head 73 which has two or more gas supply holes 72 is formed in the upper 
part of a chamber 70 so that it may counter with a susceptor 71. The raw gas supply line is 
connected to the shower head 73. The source 74 of raw gas is arranged at the raw gas supply 
line. 

[0078] the nitrogen gas with which raw gas contains in 100 degrees C - 200 degrees C the 
organic tantalum gas which carried.out heating evaporation, for example, pentaethoxy tantalum 
gas, (Ta (OC2H5)5), a oxidizing gas, and moisture in this example which forms 20Ta5 film and the 
inert gas as carrier gas, for example, argon gas, — since — it is constituted, these raw gas — 
just before — or it is mixed beforehand, and is introduced into the shower head 73, and the 
whole front face of Wafer W is supplied from the gas supply opening 72. 

[0079] Around the susceptor 71, the baffle plate 76 equipped with two or more baffle holes 75 is 
arranged. The gas supplied in the chamber 70 flows below through the baffle hole 75 from the 
shower head 73. Two or more exhaust ports 77 are established in the lower part of a chamber 
70. The exhaust port 77 is connected to the buffer tank 78. By the buffer tank 78, the gas 
supplied in the chamber 70 is once stored, and, thereby, homogeneity is acquired by the pressure 
in a chamber 70. 

[0080] Moreover, the buffer tank 78 is connected to the exhaust air line. An exhaust air line is 
equipped with a vacuum pump etc., and sets the inside of a chamber 70 to a predetermined 
pressure (1Torr), for example, 0.13kPa. 

[0081] Under the susceptor 71, the heat chamber 80 is arranged through the aperture 79 which 
consists of a quartz etc. The heat lamps 81, such as a halogen lamp, are installed in the heat 
chamber 80. A susceptor 71 (and chamber 70 interior) is set by lamp heating through the 
aperture 79 of a heat lamp 81 to predetermined temperature, for example, 300 degrees C - 600 
degrees C. 

[0082] The carryingHn outlet 82 is established in height almost comparable as a susceptor 71 on 
the side attachment wall of a chamber 70. The carrying-in outlet 82 is connected to the 2nd 
conveyance room 16 through the gate valve 24. Carrying-in appearance of Wafer W is performed 
by the 2nd conveyance device 25 at the time of disconnection of a gate valve 24. 
[0083] In the CVD unit 21 of the above-mentioned configuration, as for CVD processing, the 
Inm - 20nm high dielectric constant film (20Ta5 film) 108 is formed for example, on the SiN film 
107 formed in the line crack and the nitriding treatment unit 20 about 10 minutes. 
[0084] The annealing unit 22 has the almost same configuration as the oxidation-treatment unit 
19. In the annealing unit 22, annealing (refining) of the high dielectric constant film (metal system 
insulator layer film) 108 formed in the CVD unit 21 is performed. That is, the carbon (C) and the 
oxygen plasma of the precursor (metal ethoxide) origin which are included in the metal system 
insulator layer 108 are made to react, and it removes as CO and C02 grade. The high high 
dielectric constant film 108 of quality with which leakage current with few carbon contents etc. 
was reduced by this is obtained. 

[0085] In addition, the raw gas used in the annealing unit 22 is good also as a different thing from 
the gas mixture ratio in the oxidation-treatment unit 19 to make an oxygen gas ratio small etc. 
[0086] The reserve unit 23 is a general-purpose unit applicable as other processing units, such 
as a heat treatment unit. Moreover, in order to raise the throughput of the formation system 10 
whole of gate dielectric film, each above-mentioned units 17-22 may be formed. Furthermore, 
the number of the reserve units 23 is not restricted to one set, but may be formed. [ two or 
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[0087] Hereafter, the formation approach of the gate dielectric film 104 using the formation 
system 10 of the gate dielectric film 104 of the above-mentioned configuration is explained with 
reference to drawing 2 . 

[0088] First, the wafer W with which the drain field 102 and the source field 103 were formed is 
prepared. These wafers W are held in Cassette C 25 sheets of predetermined number of sheets, 
every [ for example, ], and are laid on the cassette installation base 13 of the cassette station 
11. 

[0089] The 1 st conveyance device 1 5 lays the wafer W in Cassette C in ejection and load lock 
unit 17a. Then, the inside of load lock unit 17a is closed, and is set as the almost same pressure 
as the 2nd conveyance room 1 6. Then, a gate valve 24 is opened and the 2nd conveyance device 
25 takes out Wafer W from load lock unit 1 7a. 

[0090] The 2nd conveyance device 25 carries in Wafer W to the etching unit 18, and lays it on 
the installation base 28. Then, a gate valve 24 is closed and the interior of the etching unit 18 is 
set as a predetermined pressure. 

[0091] In the etching unit 18, etching using the dowhflow of the plasma gas which consists of N2, 
and H2 and NF3 is performed. Thereby, the natural oxidation film (Si02 film) currently formed in 
the wafer W front face is removed. Moreover, simultaneously, hydrogen (H) joins together and 
the stable film is formed in the dangling bond of the silicon (Si) of a wafer W front face. 
[0092] The interior of the etching unit 1 8 is set as the almost same pressure as the 2nd 
conveyance room 1 6 after etching processing. Then, a gate valve 24 is opened and Wafer W is 
taken out from the etching unit 1 8 according to the 2nd conveyance device 25. 
[0093] Wafer W continues and is sent to the oxidation-treatment unit 1 9. The 2nd conveyance 
device 25 is laid on the installation base 52 in the oxidation-treatment unit 19. Then, a gate valve 
24 is closed and the interior of the oxidation-treatment unit 1 9 is set as a predetermined 
pressure. 

[0094] With the oxidation-treatment unit 19, it is oxidation place Michiyuki ****** of the front 
face of a silicon substrate 101 by RLSA mold plasma treatment equipment. Thereby, 1nm - 20nm 
silicon oxide is formed in the front face of a silicon substrate 101. 

[0095] The interior of the oxidation-treatment unit 19 is set as the almost same pressure as the 
2nd conveyance room 16 after oxidation treatment. Then, a gate valve 24 is opened and Wafer W 
is taken out from the oxidation-treatment unit 19 according to the 2nd conveyance device 25. 
Next, the 2nd conveyance device 25 carries in Wafer W to the interior of the nitriding treatment 
unit 20. After carrying in of Wafer W, a gate valve 24 is closed and the interior of the nitriding 
treatment unit 20 is set as a predetermined pressure. 

[0096] With the nitriding treatment unit 20, it is nitriding place Michiyuki ****** of the front face 
of a silicon substrate 101 by RLSA mold plasma treatment equipment. Thereby, the front face of 
silicon oxide is nitrided. Thereby, a part of silicon oxide 107, for example, a 0.5nm - 6nm silicon 
nitride, is formed. 

[0097] The interior of the nitriding treatment unit 20 is set as the almost same pressure as the 
2nd conveyance room 16 after nitriding treatment. Then, a gate valve 24 is opened and Wafer W 
is taken out from the nitriding treatment unit 20 according to the 2nd conveyance device 25. 
Next, the 2nd conveyance device 25 carries in Wafer W to the interior of the CVD unit 21. After 
carrying in of Wafer W, a gate valve 24 is closed and the interior of the CVD unit 21 is set as a 
predetermined pressure. 

[0098] In the CVD unit 21, the high dielectric constant film 108, for example, the tantalum oxide 
film, is formed on the silicon nitride 107 by the CVD method. The high dielectric constant film 
108 is formed by the thickness of 1nm - 20nm. 

[0099] The interior of the CVD unit 21 is set as the almost same pressure as the 2nd 
conveyance room 1 6 after CVD processing. Then, a gate valve 24 is opened and Wafer W is 
taken out from the CVD unit 21 according to the 2nd conveyance device 25. Next, the 2nd 
conveyance device 25 carries in Wafer W to the interior of the annealing unit 22. After carrying 
in of Wafer W, a gate valve 24 is closed and the interior of the annealing unit 22 is set as a 
predetermined pressure. 
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[0100] In the annealing unit 22, annealing treatment which used RLSA mold plasma treatment 
equipment is performed to Wafer W. That is, the oxygen gas plasma of low energy is exposed to 
the high dielectric constant film 108, and the carbon in the film (C) is removed. 
[0101] The interior of the annealing unit 22 is set as the almost same pressure as the 2nd 
conveyance room 16 after annealing treatment. Then, a gate valve 24 is opened and Wafer W is 
taken out from the annealing unit 22 according to the 2nd conveyance device 25. Next, the 2nd 
conveyance device 25 carries in Wafer W to load lock unit 1 7b. After carrying in of Wafer W, a 
gate valve 24 is closed and the interior of load lock unit 1 7b is set as the almost same pressure 
as the 1 st reactionary room. 

[0102] Then, the 1st conveyance device 15 takes out Wafer W from load lock unit 17b, and holds 
it in the cassette C on the cassette installation base 13. the above process — silicon oxide 106, 
the silicon nitride 107, and the high dielectric constant film 108 — since — the formation 
process of the becoming gate dielectric film 104 is ended. 

[0103] This invention is not restricted to the gestalt of the above-mentioned operation, but 
various deformation and application are possible for it. Hereafter, the strange gestalt of the 
gestalt of the above-mentioned operation applicable to this invention is explained. 
[0104] As long as the configuration of the etching unit 18 in the gestalt of the above-mentioned 
implementation is an example and is a removable configuration effectively about the natural 
oxidation film (Si02 film) formed in the front face of Wafer W, it may be what kind of 
configuration. Moreover, as long as the configuration of the CVD unit 21 is also an example and 
is a configuration which can form the tantalum oxide film on the SiN film, you may be what kind 
of configuration. Moreover, it is good also as a configuration suitable for membrane formation of 
high dielectric constant film other than tantalum oxide. 

[0105] With the gestalt of the above-mentioned implementation, the etching unit 18 shall be 
formed and the natural oxidation film of a wafer W front face shall be removed. However, it is 
good also as a configuration which does not form the etching unit 1 8 but reforms the low silicon 
oxide (natural oxidation film) of quality directly to the high silicon oxide 1 06 of quality in the 
oxidation-treatment unit 19. 

[0106] In the gestalt of the above-mentioned implementation, oxide-film formation processing, 
nitride formation processing, and annealing treatment shall be performed in the oxidation- 
treatment unit 19, the nitriding treatment unit 20, and the annealing unit 22, respectively. 
However, a gas supply system may be unified and the same unit may perform. Of course, it is 
desirable to carry out in the unit according to individual from a viewpoint of a throughput and 
safety. 

[0107] RLSA62 and waveguide 64 which are used for the oxidation-treatment unit 19, the 
nitriding treatment unit 20, and the annealing unit 22 shall be constituted from a copper plate by 
the gestalt of the above-mentioned implementation. Here, since the ingredient which constitutes 
RLSA62 and waveguide 64 suppresses the propagation loss of microwave, aluminum with high 
conductivity, Cu, the stainless steel that carried out Ag/Cu plating can be suitably used for it. 
[0108] Moreover, as long as the sense of the inlet to the annular waveguide 64 can introduce 
microwave into the microwave propagation space in the annular waveguide 64 efficiently, the 
sense which can be introduced at right angles to an H plane like H plane T junction or tangent 
installation like [ an H plane ] the sense which can introduce microwave at parallel, or Eth page T 
junction is sufficient as it. Moreover, as for slot spacing of the travelling direction of microwave, 
1/2 or 1/4 of the guide wave length is the optimal. 

[0109] The high density plasma shall be generated further again using microwave with a 
wavelength of 2.45GHz. However, not only this but a microwave frequency can be suitably 
chosen from the range of 0.8GHz - 20GHz. 

[01 10] Moreover, the gas used for oxidation, nitriding, etc. is not restricted to the above- 
mentioned thing. For example, other rare gas, such as Xe, Ne, Kr, and helium, may be used 
instead of Ar. However, it is desirable to use Ar, in order to cut association of Si02 effectively, 
stopping the damage on the front face of the film. Moreover, in nitriding, the nitrogen content gas 
of NH3, N20, NO, and N02 grade other than N2 may be used. 

[01 1 1] Moreover, the mixing ratio of the above-mentioned mixed gas may also change not only 
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the above-mentioned thing (Ar/N2(02)/H2=1 0:1:1) but the abundance ratio of N2 (02) and H2 
within the limits of 0.05-5, respectively. Furthermore, as long as the SiN film of not only the 
above-mentioned example but high quality can be formed also about reaction conditions, such as 
wafer temperature and reaction pressure, you may be what kind of thing. 

[0112] Although the annealing unit 22 shall remove the carbon in the high dielectric constant film 
with the gestalt of the above-mentioned implementation using RLSA mold plasma treatment 
equipment, it is good also as a configuration which excluded the annealing unit 22. Of course, it 
cannot be overemphasized that a configuration of having had the annealing unit 22 can form the 
film of high quality. 

[0113] In the gestalt of the above-mentioned implementation, although the film of the lowest 
layer of laminating gate dielectric film 104 was made into silicon oxide 106, it may be silicon 
system film, such as a silicon nitride and a silicon acid nitride. In this case, what is necessary is 
just to change the class of gas used in the oxidation-treatment unit 19. For example, what is 
necessary is to use nitrogen gas instead of oxygen gas, if it is the silicon nitriding (SiN) film, and 
just to consider as the configuration which adds nitrogen gas further, if it is the acid nitriding 
(SiON)film. - - 

[0114] With the gestalt of the above-mentioned implementation, the inorganic (metal) system 
film shall be used as high dielectric constant film 108. However, other film which consists of SiC 
formed by CVD etc., SiN, etc. may be used. In this case, the SiN film formed of the RLSA plasma 
functions as film which prevents the thrust omission by the side of the silicon substrate of the 
impurity from a gate electrode (polish recon). 

[0115] The gestalt of the above-mentioned implementation shall constitute the gate electrode 
105 of MISFET100 from polish recon. However, you may constitute not only from this but from 
silicon-germanium. 

[0116] With the gestalt of the above-mentioned implementation, the gate dielectric film 104 of 
MISFET100 shall be formed. However, it is possible to apply not only this but this invention to 
formation of insulator layers of other components, such as a flash memory. 
[0117] 

[Effect of the Invention] As explained above, according to this invention, the formation approach 
of a reliable insulator layer and a formation system are offered. 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawin g 1] It is drawing showing the configuration of the gate dielectric film concerning the 
gestalt of operation of this invention. 

[Drawing 2] It is drawing showing the formation structure of a system of the gate dielectric film 
concerning the gestalt of operation of this invention. 

[ Drawin g 3] It is drawing showing the configuration of the etching unit concerning the gestalt of 
operation of this invention. 

[ Drawin g 4] It is drawing showing the configuration of the oxidation-treatment unit concerning 
the gestalt of operation of this invention. 

[ Drawing 5] It is the plan of RLSA concerning the gestalt of operation of this invention. 
[ Drawing 6] It is drawing showing the configuration of the CVD unit concerning the gestalt of 
operation of this invention. 
[Description of Notations] 

10 Formation System of Insulator Layer 

11 Cassette Station 

1 2 Processing Station 

17 Load Lock Unit 

1 8 Etching Unit 

1 9 Oxidation-Treatment Unit 

20 Nitriding Treatment Unit 

21 CVD Unit 

22 Annealing Unit 

23 Reserve Unit 

100 MISFET 

101 Silicon Substrate 
104 Gate Dielectric Film 

106 Silicon Oxide 

107 Silicon Nitride 

108 High Dielectric Constant Film 
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*»fiW £ UB&dfcxa <h , 

BUiae> y ^ bJg<D3tM^SK: y n bBt*JBtft 

?fttt{ttBKttxa&. 

Boia^ y n >aifcH±cc, t> y ^ >BMbJg<t o fcKSS* 

figu/c^^xvcc. i?fe^y^>SfficD*cB%esb, 10 
tuia^ y =i >ass©*ffi«««:t/ y n >BMbR*?i5fiK-r 

8Wafi[{fc«BBJ«xatt, SBRo^y 

m^m2 } WiEfflrfbBBBfiRXStt. BBR**tf*/x 
Cc, 'J h ^ii 5?17>f v ^ u 20 

?»«BMM**KT*xa**E*. ct*«Fftit 

y * h£ffix&¥MT>7^^6W^u$£M#4L<r 
^SSLfc^XvCC, gJfE^y:a>S«©»ffiSnft:a 

*BMtr4xa<t* ct&qmt-rzm&m 30 

[It*3j4 ] HUS^bBB^JaxStt. a**stf #x 

^fiSftfL/r^u/c^x^tc, gut a^ y 3 >®{bjg 

©ai*Wi"SctKJ:0, B«i2i/ y n >«{blB©^ 

ffi«w&»b-rsxa***.a, citwatttiw* 

K, BWBR«*«OSffi*i««-rsCiCcJ:0. BtrtBR 
i*W«i"r*Bll3R31171S4©(r»-rti* 1 31CCiBiS© 

a. 

[fS*3I7 ] B?EK<bBBBfiSXa-C«BWB^y=i>M{b 
B* 1 n 0 n mO»3t»MO, mrfB^bJ^fiS 50 



WBB2 0 0 3 -68 7 3 1 
2 

Xgttt. HJE^y 3>S{bR*0. 5nm-6nm(D 
C iiWai-r-SM*^ 1 71S7 1 Jf CCiBiS 

mriB-> y n >»{bH<Daffi««cc^ y n >mtm*fcf& 
fulBv y =i >^bii±fc, y =* >^{bJS<fc o fcitsl^ 

{fx, 

guiE^bS^fiE^^ v Hi, 8i*^^fc, fflKO 

T4ffil/c7 7X7{c 4 WiE^y=J>Sfi©affl«:WK 
U WfB^y3>Sfi<0*ffi««tC'>y=2>K<blR4JI5 

xy * h -swr > f t ^ 6 7 ^ ^ u 

^a^4M*tUr*^L/c^^XvCC, B?fB->y=i>S 
^ 1 0 {ciBlRC0J»j»K<3WBd6^x rA 0 

*mn?zc±(<cj:t) x ffia^y3>s«©*ffi««* 
Wb-ra, ci*!»ait4«*si ox« 1 uciais 
ojeatKo jbse > x r- a q 

[»3R^ 1 3 ] MIB^fbKff^^^ ^ Hi, ^4^t? 

^bMCD^S^KS-raci^cfcO, HMBS'yn^BMbjR 
©affi««*S{b"TS, Ci«:W«tr4W3»Kl 0 7!j 
SI 2 0C>rn^l«tciBK0i««K©^^>Xf"A. 

l7>ft^f)7^0SM|}irMl/c7 7X7 

Cc, fT8BR«*ISO*ffi4i»35-rsc<b«:j:»), buIB^ 
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Sic IBKcDitftSIScD^^ 7s A „ 

[»«3H i 6 ] 8ffilMbnj&&i~ ^r, OTBf y n 

>BMbR« 1 nm-2 0 nm©SSrM3h, MIS^ 
fbJS^JL-y h"C. WE^y 3>^tlS«0. 5 nm 10 

1 0 7!jM 1 5 CDl>-fn*» 1 mttCfcm<Dt&&m<DBJ&isX 

mc uz&vm&moii&f&is * t a . 
mnzm i 8 ] frsEKMUBi». mmv- bmm^-n^ b 

M^XfA 0 20 
[0 00 1 ] 

[0 00 2] 

^ttJ^IilKOiCftflHb. iWfcMHtK: 

$&h^b (Metal Insulator Semiconductor 

FieldEffect Transistor : M I S F E T) CDSfcfcfflfb^ii 
A,~Cl>2>. dmitlcm\ 3BfiE. MI SFETCDy-r 30 

[0003] —mwcc* h jte«RK». > y =* 

©J»»{t«cj:0JgJsaE3tiSi/y 3>BMfcK (S i O 

gs*r»<-rs<!:, y-* (r>*^) mstotftth 

[0004] h >*;u«a5<D«sn^*«iwJ-r pi 
Koo^y =i>K^bK (*/cttt^y =»>SfbH, 5^y=»> 40 

BStfbK) ±fc, is 'J a>^fc«l<fc 0 4>J:bR«*<DiSl> 

{tmtkwmm (eot> *fi<ft»t5ci^*4. 

(Dm&mzz. ttmmmzs i o 2 o->y3>Kftis<o 
/escc»#o/cfflr*o. eot= u s * o 2 /e) 

[0005] iSsis^jBi^ or ^> y n >g{bJ^ ( s i n so 
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^ h7>rt (RLSA) Sflt^S^^XvAfiffiSB* 
SOtt, IMUKfcttSttH) COKfifbBLhCCC 

[0006] r l s Amy^x^mmmmi^m^tcm^ 

CCtt, CVDtCcfcD»flEL//c»i&<fcJ:b^r, #>^y> 

/c, R L S AM77 XvMISI^ffl^/cIMffil 
tt, J±iRffJ<gS (2 5 0 # C-4 5 0 # C) TfftotlS© 

ffecD^^x^aiJt^r, ««ffi<E>#^- Steffi 

«3ti4. C<DJ:5fc:* RLSA^7 7Xv«l^ 
<tO*J«3hfc«W, iSn D n®r*D, ^t, 100 0 

[0 00 7] C Ct, ±iE«»y- r*&»Ktt* AR* 

$iiits i NBi4ffli»Tt»4. s i NmcDtbmmm 

te8HST£)9, fi£oT, S i NROEOTIJ, mMM 
(DO. 5 ( = 4/8 ) «aftects*>&5ttl>. COfc 

JKNe{b<D«*«:j£iLi^<, +»CC»C>WIWBW 
*St^L^o % +»ec»C»EOT*»-5CC« % S i 

[0008] ccDtctb. £Vktmnm<Dm>M&m<Dm 

mm. Witt, BKbTJi/s-^A UbSfH^ : l l) . 

BMbS^n-'JA (24), K{b"?~£A (25)f 
£#T** 0 Wx.«, JtSiS^a* 2 4©Blib^=»- , 5 

A^ffll>/cii^CC«, HJgJKDO. 17 (=4/24) 
[0 00 9] 

[0 0 1 1 ] C0D<fc5tc\ ftkfc, +»cc^c^iie < ]il$ 
[0012] ±IB*tt^:Si^r % *^H^(J, MIBttcDiS 
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[0013] 

mmzmvk? ztc&xo^m ±%Emtft*mf&? ztc 
> y ^mmcDwmmmc^ y >iWk«*»j«'r** 

{tBBBSEXSi , fjiBf y n >»{fcBI<oaffi««K:^ y 

afbfiLBc. ^ y 3 >BHbKJ: 0 fcR^©iSi>Rm^ 
«*»fiSrsxgi, iWEHMbWBStXSB:, 10 

t ^ 6 v >f n S^MIf I r 4« t /c 7 7 X vtc , fflB 

««cc^yn>M<bjB*jBsrr4xg*«*, m^it 

BB&«XS«. WRo^y? h£«i 

y >»t*KD»ffi««fci/ y a >»b»*»jarsx 

[0014] ±K»J5RCcbc>T % »EBKbBB&ax« 20 
WBE^yn^aSOftffitWirSCiCCjiO. HEV 

[0015] ±E«fl«c*jt*T % f)KHNtlU&du:& 

«, B«K^y3>s«cD^ffi*ata-rsxg<!:. 

v^a^MflbT^O/c^Xvfc:. WEfya 

^SKCDBastiyt^ffiiasTicitCcfco. WEf 30 
y3>»*a>aB««*iifW4ist. £«*£c<t 

[0016] ±BB«JiSCC*jl»r . WEaitBBBRRXa 
iBB^ya^WlJlOJKmtaiirSCiWiJ:*), ffiTE 
[0017] ±EflWacc*jt>r % tirEB$**JBtt* &JK 

i ec J: 0 . iiTEiSR«*R<D*iE*3fcitr h mmmm& 

»xg*3e>cc«Arfc<fcc^ ±IBfltJ&K:*5i> 

t, HuER«*»3fcHXgT«\ Mx.«. fiIB^£a 
[0018] ±BBUa«:*sc»r, WiUi. fiiBKfblRJB 

JdEXa-CttWiaS/ 'J 3 >H< US* 1 n 2 0 n mCDJ! 

stjkeru Bu8BS{bJ8JK«a:grw, WEfy^JB 50 
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{tK£0. 5nm-6nm(DJ13tMTSo 
[0019] ±E*fiWC*$t»T. fiSB^«T;U=f>* 

[0020] ±BflWKc*c»T, wu* mnaunR 

[0 02 1] ±ffiBW*afiS"r4fcfe, #*?B<Z>Sr2© 

hi. friB->y 3>«ffcB©«ffl»««:2/y 3>a{t« 
zBf&r zmitmm^^ vvt. y 3>^{bM 

±(c, ^ y n >®{bJ§ <£ 5 fcJtR«sp®R^R**BI* 

fbB««^^hw, a**dt?*/*ec. «»©*y* 

U/c^^XvOc, mriS^y=i>KYbBtco«ffi«:i«»U. 

fjfB^ y 3 >muiosB«m(c > y 3 >»b«t*»j5S 

[0 0 2 2 ] ±E«JlSCC*5l»r , «EBMfcflU&dS.3.~ ^ 

EJ/ y n >»®±CcKCc#S-r ^^{b^^rKS-r ^> C i 

[0 0 2 3 ] ±fB«fiSCC*5C»r, fBBBl{blR0fiEXar. 
WK^y:a>»«<E*B*«au BBR*dtf 

*p»*MWUt£j5RL/c:/^X^k:, iJE^y =j>S 

[0024] ±E»flMc*jc>T, ms&ittgBtiia- ? 

7>ft^e>v^^D^Mbt40cU/c77Xv 
{c, 8WBS/y3>MYbBI<D»ffi*«Wr*CifiCJ:D, 

[0 0 2 5 ] ±EfltfifiCC*5tir . MESf«*H«. 

^so/c^^x^tc, ttEimvAiostn^vui-rsc 

<bw:j:0, fTER«*lR©«ffi*3S[HrSSta^BGfcH 
^--^ h*S6«c»*T^J:C». *te, ±E«tt«c*jo* 
t, WER«*BRfai^- v fTEK* 
*#«?*x©^^X^«:J:OWER«*0l*O«**l» 

[0 0 2 6 ] ±E«««:*yC>r. W*tf, BJEBMbBUB 
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f&^^- v V "C, fulBV U ^ >BWfcJHti 1 n m—2 0 n m 
yn^SffcRteO. 5 nm-6 n m(DJ¥£ ti 

C0027] ±fe«^ccfci^r. HJSB^ttrju=f>* 

[0 0 2 8 ] ±Sa«JSJc«C*5C*r, ftjSEfe&jRi*. 

[0 02 9 ] 10 

[0 0 3 0 ] 2f^|Sfi©088CCj:OJgJSE3ti4lft»IRtt, 
0 1 K^T$&Sty- h h "7 >i^X ^ (Metal 

Insulator Semiconductor Field Effect Transistor: 

mi sfet) 

[0 03 1 ] EUCCtS-T^^CC, MI SFET 100 
« % Nfi©5/y n>Sfil 0 1 OSffiM«CCK(^&tift: 
Pffl©Fl/-r>««l 0 2W^V-^l 03i, 
FU-f>««l 0 2*5^V-xatSl 0 3«^n/c 20 

RW&tifcy- h«ni 0 4<b, y-nft«Hi0 4 

±^f,n/c^MSl0 5i, ^Ix.^, FW 
>^10 2^J:O'y-Xi^l0 3[l ^ft^tl, M 
I SFET 1 0 0£flf;&T£ F U ^ >®®*5<fcO*V-^ 

FU>f>««l 0 2te«fctfV-^9«l 0 3<t, tt, ^ 

[003 2 ] FW>««1 0 2iJ:tfV-^««l 0 
3^cR^ti/c>'»;^>SSl 0 1±*C«\ y-hif&tiJK 30 
10 4£/rUT v y- F«® 1 0 5*SRtt6ftTl>£. 
y- hmS 10 5B, #';i/';3>(p-Si) 
JflEStir^i. y-hlSl05BMISFET100 

y- bm&oiwmoif&Mt?- vmmm 1 o 

4<DT<D>"; :n>SSl 0 l*ffi«:, ?t*JKch) 

[0033] y- htt^fii i o 4 k % y n >^<bj§ 
ts io 2 1) io6<b, tsv*>mm (s i nd 

107i, iSStK^JB 1 0 8 <b , ^6*JflEStiS. 

[0 03 4] y n >^{bR 106(t V U n >S® 1 40 

0 i (ommmm, (^t^ch) ©±K:R#6*rci> 

h7>ft (RLSA) 

tf, 0. 5nm-14nm<DSJr0teh^ 
[0 0 3 5 ] ->'Ja >^{bJffl 1 0 7 U l ) ^ >mtm 

1 0 6CCSJ13ftTRC:J£>*VCl>& 0 >"Jn>^{tflil 
0 7«. RLSAl77XvMlgI^ffl^/c ( ^>ya 

>KfbBl 0 6©fi{b«ffll«:j:r>rjBflcStiS. 2/'ja so 
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>^{b^l0 7«, fljittf. 0. 5nm-6nm(D]f$ 
[0 0 3 6 ] KifH^jg 108B, is 0 * >SftK 1 0 

7 <ty- hiii o 5 iccjR^nrRwenrc^. * 

Stm^jgl 0 8«, A I 2 Oa t H f S i O z , Ta 2 
O e . Z r S i O z , H f O a . Z r 0 2 2*<D*R« 

is) 3RW»^6«teSsni, ssfm^jsi osit cv 

D (Chemical Vapor Deposition) «:<fcO, 1 
nm — 2 0 nm<Dj¥£rffJj£Sn£o CCC, 

[0 0 3 7 ] ;XCC, ±lBy- r tfitHS 1 0 4 

JBS8«:3&^4y- F*6««<WBJ5£^*^A 1 0<DfitJ&£ 
mto @2^tJ:^ t y- hffitl©^>Xf A 

1 o«, hxf->3> lit. mmx-r-i; 3 

[0 03 8 ] b*7— >a>l Itt. #-fe* rig 

c^fiisns. FtEa-& i 3 KB, jmrnw 

[0 03 9]Sl»Sil4(CB, T-A^W*r^l 

SBii««i 5^EK3nrt^*. S&ii8i£««i 5 {J, 

mi 4<oftmz. m&^<D#v>7v-ic£K>m&ic 

[0 04 0] fc!Xf-^3>l 2«, ^2fflb^^l 6 
D-Fo-^^-; M7a. 17bi, x-;?> 

y^L^^ h i 8 ®<b^s^^ sr h 1 9 <h, sibftta 

7h22i, ^flta.^-^ h 2 3 <t % fr^mmztiZo 
[0041] B8j\ftB<Dm2&mmi g <omm<<az. y 

tc<t-5rBi»3n/cS^^ f i 7^2 3«, ^*n^n 

*«Sf»HM«*«7L. *©rt»CC»F2»asai 6 4«Sfc& 

[0 0 4 2 ] KI2tgi*Ml 6043*K5i, m2WtmW» 

2 5 3WRK3hr^i. S2ffili«25(t T-A^r 

ga^-; h l 7-2 SPJCctoWS'J^^oMiS* 

[0043] P-FOj v b 1 7 a . 17blt 
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i 7 artictftA-rs. ® nmwmi 5tt. p- 

[0044] x^f>^ y M8tli, 
^{bM) 4i£1-So H3fcx^?>^ 7 h 1 8© 
[ 0 0 4 5 ] IS3CC7jrrcfc x^f>^^hl 

<2>o 

[0046] ^t>^'26ll T;L^^A^>?>*g/& 

sects. v*^w*Ms?z>mati$2 8&w>vhtix\<> 

tc. «ittf, 5l«©3ett2 9K:J:0 3a#Stin^. 
[0 047] f t>^260T*tCtt, *8iB62 8*5j: 
^^>^2 6rt*WS©^CCflfl»rS^»<0, 

>^2 6 i/nfi»-7>^3 0<fc<DHCC« % S3C«^64:2 
SiS3 1^I$ntl^ a * + >/<2 6<DJS8MC 
tt, J^P3 2#^fiES*rCte*K 2M3 1 cd^SP 

vmn3 2 (omwic&mcmwztir: cticc 

1, flSWP 3 2 o T\ ?-t^26rt («1S28 
[0 04 8] ^ + >^2 6<DJS95(0. 3£tt2 

»«P3 3 3WRt"t6nrc»a. sf*P3 3«, ft£ 

[0 04 9] >^2 6<DflPJSCC«, tgg-&2 8<h« 

taaaoisscc, »Attin3 4^6ntc^o ffiAta 
P3 4». bw?2 4&fn,xm2Wijgm 1 6 <t 

[0 0 5 0] ^7X7fMf2 7 B3E«^6ateS3 

ft, «tKcc*ft$3ftTi>*. 7 7X7Mf2 7^ 

*>^'2 6<D^*SiIOT&0tt#6ftTC>4. 7*"7 
XvMf 2 7<D±^(tC\t. #XzgAP3 5*«HW6 
ft, #XzgAP3 51*. 7X7D-3>hP-736 ) 
3 7^Utif^S3 8te£c>'*^;tfx*S3 9C£jg 
iJnt^S. CtilcJ:*)* #XzgAP3 5*»6> 
(N 2 ) <L*3I (H, ) tfrhtz&W&tf*!*. y'"?z 

^^/*^= 1 0 0 s c c m/ 1 0 s c c nitft 
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*&3ft* 0 

[0 05 1] ^7XvMf2 7 0±flHCtt. 

W*n««£iH4l<fc. 9@gijSf4 2^, x-c>y 
>SWB»4 3<fc, tiii. 
[0 0 5 2 ] 7^p^£S4 ltt, «it«, 
2. 4 5GHz©v-f^P«4«StS 0 ^ * Piftffc 

^>V>Mf4 3^0t ( :/^X^J#g2 71*3 
10 tc«l&SnS. ^X^JBJiJE«2 7©rt»CCtt. ^« 

?Z> 0 cncc<fc*3, 7 7XvMf2 7©±^6T^ 

[0 05 3 ] 7-7X7Mf2 7(Dmit S£ttJP4 
4#iRtf6nt^*. SEfflP4 4tC« % Cft«iiI0 

&£S^8M*4 5*^6nrt^ 0 HC>SPtt4 5tc<t 
20 0, *fflP4 4 3fc6*ffi"f J£ffc2ftT^*> 

^-2 6p^tc^$n^>o 

[0 0 5 4] S£fcHP4 4©ETCC«, ^£fc<D#;*?t4 6 
*«iLSU >y«©^ + *7— ^7 F4 7**IE«3ftT:c> 
& 0 ^+9-^';F47«, ^*»<2 6<D!t£;SM-r 
^Mf4 8, fe<fc^, aM^4 8K{i;*-6ft/t7X:7 
p-n>hP-749^/Mt, 3 7-Wb^Ht(N 

f 3 ) uxm 5 otcgi^s ftn>£. 

[0 0 5 5 ] fi*?-^? K4 7j^6«, N F 3 
&*&Sft, N F 3 tfXtt, 7kS<t^<b#>6&£*l^:tf 
30 ^^^Xv(D^^>7n-cpCCtt#&Stl5o CCt, N 
F 3 Mx.li, 30sccmt«^ 77X7 

J:9r£tt{b2ft, SSUt7^7^^;^^t 

[0 0 5 6 ] ±fECD<fc5tcjgJsJcSn}fc^X^, * 
40 NiHiFiOi^K (»«B{C««H3Stiri*tt 

5fe£ft&, WicDd:^^, ^*^W«ffi<Da/SR{bjai 

(S iO z i) tt, 7 7X7CO^>7P-(Cj:m* 

[0 0 5 7 ] SMSfhi (SiO z M) a^RK5&3 

ite^-r*. cncciO, St5SlffiU:2cS 

so fb-r^o 
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[0 0 5 8 ] WUtfBMa—y h 1 9te, ^T;l/^-/> 
hT>ft (Radial Line Slot Antenna : RLS 

a) so^x^a&ssKr**. mitmm^v h i 

l<DSIffi*IMtU >"j3>ijtI10 6*Mt^ 

[ o o 5 9 ] m 4 ec. mtNssk^ v n 9 <D»?®flt/iS 

£^-r„ I4^TJ:^^ BHfc«Bl:i~* h 1 9«\ 
[0 0 6 0] >^ 5 1 rtSP<D**CC«, Mlftr 

[0 0 6 1] ^*>^5 1 (DfflUSCCW:, ISg^5 2CD± 

1 6 <hSa*t/Tl>£. Y^)\y^2 4©HftB$ectt, 
[0 0 6 2] ?-*>^5 KDJSSKCte, gf§Vg5 4©— 

^5 ilfil&DEEtJs 4. 0Pa-0. 1 

3kPa (30mTorr-lTorr) ©ff^CCHJE 

[0 0 6 3] ^ + >a'51 OfflMSBi^tett. - 

5 6^6nri^ 0 #xt&s&<g5 6«, mm 

(0 2 ) ^15 7, (H 2 ) tfXMS 8*5<fcO # 7 

;Urf> (Ar) #xffi5 9 CCJ8tt$*vCC>4. ^^ife 30 

[0 0 64] ^ + >^5 1CD±S«C«. HDBOtfRtt 

enri^, ^P6 oowiffltctt, &e i&mthtix 
^6 itt, aatt»», s i o 2 

JfrCDtf^X. S i 3 N 4 , NaC 1, KCK LiF, 

Ca F 2 . B a F 2 , A 1 2 O a , A 1 N, MgO^i' 40 

comma, ttc *»;x^u>. ^»jxxf;k 

[0 0 6 5]S6lCD±(ctt Wxtf, vVTfovA^ 
XO-;h7>ft («T, RLSA) 6 2W6nt 
l>& 0 RLSA6 2^C(t iKJHftWMB 6 3 tC®^ 
<*ttfczS&S86 4#»C:T6*i-CC»S. 2S«8S6 4«. R 
L S A 6 2 KTF4S#«*S3 ftfcJB¥ & R»i»«g 6 5 50 
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*EJB3fifte6 8i. ^6fllJ5SSnr^4. RLSA6 2 

[0 0 6 6 ] Rffi9«tt*6 6 ©ftSBCCtt, RIHaNft* 
6 93MEHStirc*4. Htt3»»«6 9«, 3»«tt*ftt 
iOft^WSWt/P^ftO, *©H8^RLSA620± 

[0 06 7] H51CRLSA6 2©¥IB4ST. i5 
tCTH-T <fc 5 CC, RLSA62«, PM>R±«C»W 6*1 ft: 
SSlOXay h62a, 6 2a. -illtCf AS B * 

^P-;F62a £5 L\*m*fc&&LXB&T<Dj&*:& 

[0 0 6 8 ] mffl&mmSHG 3tt. WLK % 2. 4 5G 
Hz©v-f^nift*. 01*. & 5 0 0W-5kW(D^9 

-^-f^aifttt, fg|*^^»g6 7*crffijf5*- 

«6 stcrffitf 6n/cttS8TGiS3n. rlsa6 2<d 
h 6 2 a ctoftSfsns. flstsn^-f^uis 

[0 0 6 9 ] ?t>^5 1rtB» mS<DS^BE^?^C^n 
r^sO, W,^t5 6^^ Ar, O z fccta'H. CD 
m&*fZ>1fi* ffljLi*, Ar/0 2 /H 2 =10:1:1 

BR. v-f^o»4RLSA62©?»OXa7h6 2a 

CCt, RLSA6 2*ffl^rJBfiR$nS^^Xv 
*OrS14S«, 0 . 7 - 2 e V*lgCDirft&g£ 
a o COct^CC, R L S A 6 2 ttCjztllis X^^<DtmSh 

[0 0 7 0 ] ^jffiSn^iKffiS^^Xv^cDBIiSKlJ: 

3>S«<DSffitCf^fflUrx*;l/^-4^A, Si|5l± 
oa^*«K9f4. £e>*C BBR(O) r^J^, 
S i iS i -O^^r^T^o C(Dcfc^C0-C, ^> »; 
=J>S«<0^ffi^K{fcSn, ^SCC, lnm- 
2 0 nmO^y 3>BtftJB^RE3n*. 
[0 0 7 1] COOES, H 2 ^6S4tSH7^*«, 
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S i ©y>^y>y#> F<fc*6^U Msn^vy^ 

[0 0 7 2 ] ^{tAOS:^ sr h 2 0 tt % BHba&S:*- ? 
h 1 9<hl5M$<D, RLSAS(D7 7X7j!ilgI-C* 

mt«aa^5r h 20m BHidBai-y h 1 9 

jaa^y h i 9 iacan^F— mitum 

hi 9tmte2>£L&. mm (o 2 ) 
cc ^ (Na ) #x*/B^Sj*rc*5. S{b*aatc*j 

t>T v Ar, N 2 fc^O'Ha A 
r/N 2 /H a =10:1: 1 ©Jt*T/!H>a. Scte, 

J:<, NH 3 . N 2 O, NO, NO z l?£/Bl>~Cfc J: 

[0074] mitmm^ v h 2 0 v(D7'^ x-?mmic 

(S i Oa fit) r£t±{b£ft/tA r =7V>l3)\s<T><tmK- 

£*)&&Ltcmm (n> visxjw mmutcccos \ 

tfettZCttC**). Si-N0«^ 0 CCD 

r, 0. 5nm^6nm^>'J3>atI(SiN) i 
1 0 7#7fcj££ft£o 

[0075] cvDa^^ h 2 i«, s^btesosss 

ismmmmi o 8, ccm s<t^>^KTa z o 
8 ) mzBiscrZo msic. cvd^ 7 h 2 1 cd^b 

[0 0 7 6 ] H6&c5vtj:5k:, cvd^^^f2i 
^^7 i»^ntc^ a 

[0 0 7 7] * + >^'7 0<D±g(5CC« % V-te-fZl 1 £ 

*fr&lTSct^CC. Jg«fc<D^«*&?L7 2^w*rs->i-9 
— *v F7 3#Rtt6>*VtC>£. K 7 3 CC 

|&^-f>ectt, &S#*SB7 4#ffig3ftT(,>£o 
[0 0 7 8 ] Ta 2 O a JH*JB^-T4*ffilr«. MS*/ 

pad ioo'c-20 o"c«:sn&»{fcufc*r« 

(Ta (OC 2 H 6 ) 6 ) R{bt£#*&tf*#*:£? 

^K7 3&C2gA£ft, #*e**SP7 2a>e>^*^W<D3l 
[0 07 9 ] U"te:/*7 l(DjafflCC«, aJS©^7 7;b 
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?L7 5&ffijiz>^vy)iyi<- b 7 6^ieg^nrc^ 

**>'<7 0<DT8WCtt % SP^^H— h 7 7#ffi8ScRW6 
ntC^. Sf«^-H7 7tt, J*yyT-Z>91 8 tC 
SSKStrCOS. ?7-Z>#7 8*C<fc*K 

^7 ortcc«*&snyfc^», —msrSSft. ctucj: 

0, * + W?7 OrtcDJEfrlcSj— ffeW#6ft*. 
[0 08 0 ] £/c, A777-^>^78(t t)$5\y A 

**>/n*7 Ort*3r5£<DEE*K 0. 13k 

Pa (lTorr) CCRST*. 
[0 0 8 1 ] If 7 1 (DT^CCtt. 

8o«c», ^ny>^>^(DSnis^>^8 i#rbs 
nn*s. »7>7*8i(7) 1 S7 9^i/c7>7 , »o 

m^SS, W*tt, 3 0 0t-6 0 0'CK:gS?n 

20 [0 0 8 2 ] ^ + >^'7 0<D«J»Ctt, VJzl'%7 1 £ 
««I^SK<DiS 3 tc, j&AfcBP8 2#Rtt6ftTl>&. 
«AffiP8 2«, y-h/^2 4^Lt, 5r2»£ 
SI 6CCj$jft3*lTl>*. h^^;U^2 4CDHft«FCC 

fg2ffi£ltit?t2 5KJ:D, ^^W©j&AW#tTfc 
ft<E> 0 

[0 0 8 3 ] ±ga*J3E©CVD^.-^ h2 1 CCfcl^T, 

* <bffis^^^ h 2 oicxmmztitcs iNiio7± 

tC, Wl^d lnm-2 0nmC0iliI$a(Ta2 O 
30 5 R) 1 0 8&&m2ti2>„ 

[0 0 8 4] T^-JU^- ^ h 2 2 BMb^S^^- v 
h 1 9 iSSH- ©«J5S*WT«. T^-^^L-^ F2 

1 o 8cdt^-;u (KM) 

vi^jsjss^, co, co 2 ^iomsi-^o cn 

/Ca n nMOiS0^^^1 0 8Wf)^ fl 

40 [0 0 8 5 ] ttte. T 7 h22 CCTffl^6tl 

[0 0 8 6 ] v Y 2 3 &MM^~ v 

-2 24RWtfeJ:K 3 6CC, ?«JL^^h2 3©» 
50 [0 0 8 7 ] «T, ±IBt»aE©y- 104<DB 
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[0 0 8 8] Ku^>«i0 2wc;y^ 

[0 08 9] 1 JSi*&«§ 1 iJ-tev hCrtCD^^ 

^WSrHXOWU n — KP v Z 3~~v b 1 7 af*3K:tSg 
T£„ ^<£>f£* n- Fa?^i9 h 1 7 a[*?teHtI£ 10 
ft, »2»3SS1 6<t«ai5IDBE*CCi93esn4. 
». y-h'W:/2 4#HttSft % III 2 }&j£*S«t 2 5 

Kn^ ^a^.^ h l 7 a^e^xAW^Ottl 

[0 09 0 ] »2fRa««25«. -)x^x^> 
^r.-^ h l 8te»AU iSS£2 8±fct8ST&o * 
<D'&. y-h^2 4ttH«3ft. x.y*^#zLZ-v 

b 1 8 0rtgl5«, »r5£©ffi*fcH^S*i*. 

[0 0 9 1] X.y?>?ZL~v b 1 8CC^0^r, N 2 <b 
H 2 <b N F 3 tfrhU%7'^X^rtX<D#Ols7V-$: 20 

MlcrafiSSftTC>fcS«SMfcBI (S iOz I) 

ft&„ l§)B$CC, ■)x^W$I0V'J3> (Si) 

>y#> ru*. ** (h) £5£ 

[0 09 2] x*^>y#iffi(D^ x.y9->if^^v b 

ft£. tt^r, y- h/ou^2 4 3jsB»sti. I2»i 

8M«2 5CCJ:*K x^^>yjL- 9 H8^6-)x^W 
#»W3ft*. 30 

[0 09 3] ^xaW«, Miki^a^'y h 1 

9&Ci*6ft£o »2»i36«*2 5«. mtiBM^v b 
1 9rtO»J»&5 2±«:i8KSn4. y-h^ 

ju^2 4«^it5n. Kfw&s-*-? h i g ©wautt^? 
[0094] mitmm^ v b 1 9 -eta, rls am^ 
{tftiffifTfon*. cnta^ 2/y3>ifiioi©s 
jS£ft£ 0 40 

[0 0 9 5] H{tfiLffi<Ofa, SMb#!S:x~ * h 1 9COF*3 
»tt, J£2J&i£^l 6 ±«camOJE#K»SStt£. & 
^r, y-F^2 4«3h, »2Jft2S««2 5 
lc<fc0. K^tffiffl^^.-^ h 1 9^£^*^wa*»tti3ft 
£0 #CC, SI2ifia26««2 5«\ -?x^W*SftteaA 
b 2 0©rtgBCC»A-rS. ^*^W(D»Af*, 

h^\>U:/2 4«Bllf[Sft, ^k^S^.^- y h 2 0 <DF*3SB 
»9f * KHS £ ft £ . 

[0 0 9 6 ] gfb&CT^- '^20 RLS ASS:/ 

^ XvfeS^gtC <fc 0 . i ; n >g*£ 1 0 1 (D^kffiCDm 50 
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{t&Wffcft*. cft^^ j/ya^mtWDSi* 

^fb$ft£ 0 cfttcJ:9, *-/»j3>Wfc«fl>- SB, m 
0. 5 n m - 6 n m(D V »; 3 >iltl 1 0 7 *W 
£ft£„ 

[0 09 7] ^<b^H<Df£. SWt«3:i~ 7h20(Drt 

i>r, y-h^;b^2 4^eastsft, Ig2 8ai2i««j2 5 

tc<fc*K gfbteS:*- ? b 2 0^6^x^W7&5JSa[a3ft 

rt)\,72 4«BBiHSft, CVD3L--, h2 1 <Drt6K*3r 

[0098] CVD^-; h 2 1 CVDS6CCJ: 
0 . S/»J3 >^{bJ@I 1 0 7 (D±^c, IS^S^S 10 8, 
WU*. BMfc*>*A'»W&SSft*. iS8S*¥jgl 0 
8fc£, 1 nm~2 0 nm<£Jl£T^JS£ft£o 

[0 0 9 9 ] CVDtel©^ CVD^^ h 2 1 <Drt 

C^r, y- h^;U^2 4#HJttSft, S2ijlM2 5 
^C, ^2Jfi^««2 5«, -)xaW47^--iI/3. 

^•^ h2 2ortSBtcj$A-r£o -jx^woiRAa, y- 

h^*;b^2 4«BBa3ft, T^-fr^-v h2 2(DP^SP 
Ji»f 5£©BE^J tcHJE 5 ft ^> « 

[0 1 0 0 ] T~-)V=L~y V 2 2m RLSAI7' 

o 8cc$6ur, (O 

[0101] T~-)\s9im<D'<k. T~-)\,zl~ y h 2 2 

cDrta5«, s&2ifij£m 6 i^^cE^^ia^sft 

^> 0 iKl^r, y- h^Vl/^2 4 3&SBBtt3ft. ^2ffi[^ 
^2 5k:ck0. T~-fra~v b 2 2^6>«?i^W^ift 

Fo?^a-9 h 1 7 bCcjj»A*$-£o ^^^WCDtSA 
f^, y- h^^U^2 4«H8flSft- P-Ko^ai? 
h 1 7 b©rt««^lStt^t«HiaOBE*«:ia^3ft 

[0102] ^c^r, g l ffi^if l 5tt. o- h*o 

^a-y h l 7 b*>6^*^W£ietHU **fe?H5I 

n>^>ftKl0 6i, i/y zi^mtmi 0 7 KRS 
3^10 8 fr6tt4y-h«UUil 0 4©jfJffiIl 

[0103] ±SB©jlS6(DJBS8«:iB6ft-r, 

&B^C±gB<0||jffi<D^SgCD^Jf$S§SltCOC>r. Kits. 
[0 10 4] ±g£HJS(D0SSCC*5^^i y 

tc&mwutm (sio 2 i) *sa«wcci»*ai(ifitt«fiR 
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t^a^V^fiSETiorti:^, */c. cvd 

-.ttJ:^ £/c. Kfb*>*JU^©«R**«©J« 

[0105] iiasUfioffJSSrt*. x ? * > y zlz- v h 

18*»tl **^waffi©a^Kfb»*l**T*fc<D 

(Bfmitm) z&woim^ v *>mt# i o eicm. io 

[0106] ±IBl£j&fi<D^8&C:teU"C ^bJKT&lK® 

a, SfbB^js^tecfccxT-- Steffi ^en-en, 

K<t**S:2.-? H 9, ^tffia^^ h 2 0*5<£tfT 

v Y 2 2 CCfcl^TtT 3 fc<D£ L/C 
*f^W&3R**6— r^>/cC<i:Lr, El— <D3-~v b~Ctf o 
Tfc^l^ *}\,-7v K 3r^ttOffl*>6, ffl 

[0107] ±ISUfi(OJBfflrt?». Mfb«3:i- ? h 1 
9. SfM&ffi:*—? b 2 0te£VT~-)\>>3-~ v b2 2 20 
5CiC^RLSA6 2feJ:^M64(t mfofrbffi 
f&ZtiZ&CDtLtc. CCt, RLSA6 2fej:^ 
S6 4^t^(t W*n«(DG!R a 

[0 10 8] S/c. Stt*3g&B§6 4^CD^APCD^3^ 

mtKmms e 4 fi©7 >r * a«fiaKsncc«i*j: < 
mmx<ox *> cc hsicwtk:^ ^ * ajg*ziAr * sioj 30 

rapg«; Srtiftfi© 1 /2 fc u< « 1 /4 #s®-e* 

[0 1 0 9 ] £6Ct£/c, 2. 4 5GHz©»g©7^ 

/Co UjJpU ctuciRer. ^*ai^jg»«\ 0. 

8 GHz -2 0 GHz<DmmfrZXMM1R?&C£&~C 

[0 1 10] S/c. 8Mb, Sfb3?CCflH>*:tfXW:> ±IB 40 

Ne, Kr, H ef©ffe(Df ^^ffl^t^J:^. 
U Ig^ffi^CD 2V - Si0 2 

*/c, Sfb*C;tel>"CW\ N 2 ©ffiCC % N H 3 . N 2 o, 

no. no 2 m<D^m^ : &rtx*m^Tb£i,\ 

[0111] */c. ±fiEig^#;*CM&&tkfc. ±12© fc 
© (Ar/N 2 (0 2 ) /H 2 = 1 0 : 1 : 1 ) 

r. n 2 co 2 ) , h 2 ©Sistbs^n-eti, 

0. 0 5-50OffiHrt"C^b$H±Tfc<fcl^ 0 50 
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[0112] ±SBHJB<DJBS8-C« % T--^- * b 2 
2KT, RLSAffl^Xv»a«*JBC>Ti»S«* 

h2 2*ffi7Ltcffif&<Dji& % ^&w<Dmzmtfttf&? & 
[0113] ±SBigtt<D».««:tec>T\ say- h*fcf£ 

1104 <D&Tm<Dm\*. is 0 3 >KibJS 1 0 6 iU/c 

yn>Sfb (S i N) H-C*ti«, M*#*a>tt*>0K: 
S«^X*fflCV ^Sfb (S i ON) m-V&tllts 2h 

[0114] ±82H»<D*!B"Ctt. iS^^JS 108i 

CVD*CCj:0JBffiU/cS i C, S i N^6«c4. ffe 

(om^m^xb^K c<Dms. rlsa^'^xvccj: 

OMSn/cSiNBtt, h«ffi <#y^y=i>) 

[0115] ±fBS&te©JBS8rtt. M I S F E T 1 0 0 

©y-niio5», ^y->y 3>3^6*0ET^fco 

[0116] ±fBHSScD^Sgrti, M I S F E T 1 0 0 

[0117] 

[HIOB#«c«lM] 

[0 1 ] **?8<D^<WKS8K:3&^4y- hlfeSKD^ 
[0 2 ] *^<DHiS©JBS8CC^3^-5y- 

^> ^ f* a ©«SE* ^ -r 0 t ^> ^ o 

[04] *#6W©IIJfi©?BS8tC3^^SK{b«iffi^^y b 
[0 5] ^H^cDjlifiOJBSStC^^S rls A<o±.mm 
[0 6] *»^(O^S6<OJB!StC3&>3&>-5>CVD^v h© 
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